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(57)[ABSTRACT OF THE DISCLOSURE] 



[SUBJECT OF THE INVENTION] 



Kj3RfS#£&^Tt>5£SLfc Provide semiconductor integration apparatus 
H&I&f££:ll9i' , P£8jfi/ 4 X strong against power-source noise, which can 
{C&v^^ft^S^fi£:£§#W~ implement circuit operation stabilized also in 



HF^trtS^^ ^x^yfy Electrostatic-protection element is prepared in 

f" i ^ ^©iS^f^iNI^.t&lf ^ built-in bypass capacitor and its vicinity between 

-¥-£rixit5 0 /^/^^^ power sources. 

1H± hyy^^y- MK&£. Bypass capacitor is formed by transistor gate 

\iMBM?$HgX+Mf&-fZ>o ffr* film or wiring-layer ligamentum. 

^Lt&lt^^liPi/cfiNSiGC Electrostatic-protection element is formed with 

t>L<|±NPN4fifcPN P, N-type GCD, NPN, PNP bipolar transistor, or 

P^#-7h7^^, t> PNdiode. 
L<fiPN^>f*-KCi9® 

[ADVANTAGE] 

S>5IIII&^&4L*:@ll/'f X It is hard to make other circuit spread 

^rfft^HffiicfiJK^^t^ l/\ power-source noise generated in a certain 

Sfcf&^lEjSS/i^^fl^/^ X circuit, and hard to receive power-source noise 

Sr£ttK<V\ h?^^© from other circuit. 

h 4oTt>3SfS»T Adaptation is possible even if gate film of 

i6 0 ^/v^ftffi^j&ttlRlJta 5 transistor becomes thin. 

T? $ -So I/O -fe/P© iiy^l Electric-potential stability improvement of well is 

jR9^v»ft#-e*5o ^7 made. 

£{fr0>&S5li&ft £ [6l±"C£ Ring power-source line reinforcement of I/O cell 



high frequency region. 



[PROBLEM TO BE SOLVED] 



12/15/2003 



3/42 



(C) DERWENT 



JP11-154733-A 



THOMSON 

o^^^WW j^t"" 1111 1 

DERWENT 

can be performed. 

Static-electricity resistance quantity of the whole 
tip can be improved. 



1 



I^fFft^O^ffl] [CLAIMS] 

[M*«ll [CLAIM 1] 

VDD-V S S^SFp^c^j^J In semiconductor which has capacity connected 

tifc^Jfci, I^LXlliSffSjKlgc between VDD-VSS power sources, and 

^&titc1frW i %i&WtM^F Sr^'t" electrostatic-protection element similarly 

5¥^ftlc&v % "{\ mitE^jti: connected between power sources, said 

MIE#t||\{Sfg^FW;|pI— Oil capacity and said electrostatic-protection 

J|y-f y^^ib^ftL^oSl/^c element are branched from the same 

iff^fciBE £ Its SJffi^SHy power-source line, and are arranged mutually in 

— h£VS Sic KWV&tKy vicinity, said capacity comprises P channel 

— * £ V D D K&jR $ ttfc P MOS (PMOS) by which gate was connected to 

y^/VMO S (PMOS), $ VSS and drain and source were connected to 

tc&tf— h^VDDfC VDD, or N channel MOS (NOS) gate film by 

Rtfy— x£VS SfcftjK&ti which gate was connected to VDD and drain 

fcNf tV^MOS(NOS) and source were connected to VSS, said 
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MBS'Cflljit^tU E&SiiMI electrostatic-protection element comprised 

b&ffV-x PMOS gate controlled diode (henceforth, 

SrVDDtc, K^V'SrVSS PGCD) by which gate and source were 

KfiSKcS jxfc PMO S h 3 connected to VDD and drain was connected to 

y V o -yv K OUT VSS, or NMOS gate controlled diode 

PGCD), &tclt<y— hRXfy (henceforth, NGCD) by which gate and source 

— x£VSSl:: % Y\s4y%V were connected to VSS and drain was 

DDfC^SftfcNMOSy— connected to VDD. 

h zi y h p— Ytf 4 K Semiconductor integration apparatus 

(IJiTNGCD) characterized by the above-mentioned. 

So 

Iff*92] [CLAIM 2] 

VDD-VS Sfi35[8H^fictK£ In semiconductor which has 

tt/c^fl:^, (SC<®Sra{c8 electrostatic-protection element connected 

ft&ftfc#flfMRll^^£ ; ^1" between power sources as well as capacity 

S^^fttCzfoV^T, mlH^ikk connected between VDD-VSS power sources, 

mflBftSStlR^lS^fil^—^S said capacity and said electrostatic-protection 

81 5 -Y yfrt>ftt&Lt>~olLi/^c element are branched from the same 

iSflFfcSEfi & ti, mflE^lktey power-source line, and are arranged mutually in 

— h£VS SIC KW yRU'J vicinity, said capacity comprises P channel 

— VDDlcg^^tbfc Pf- MOS (PMOS) by which gate was connected to 

^y^/VMO S (PMO Sh $. VSS and drain and source were connected to 

fcHty-FfcVDDfc Yvjy VDD, or N channel MOS (NOS) gate film by 

JU*y— *&VS Sfcl8$8£ft which gate was connected to VDD and drain 

fcN?*ty^/WVlOS(NOS) and source were connected to VSS, said 

MUrC^Efc^Jt. HUpE#S electrostatic-protection element comprised PNP 

^{Sli^Hi^— XJkXf^-i y bipolar transistor by which base and emitter 

^£VDD(C % au^^SrVS were connected to VDD and collector was 

5 lcg?$c£ titz P N p/<-f a?— connected to VSS, or NPN bipolar transistor by 
7 hy yi?x 9 » £ Thfi'*— * which base and emitter were connected to VSS 

6 t£x 5sf^S:VSS{C^ and collector was connected to VDD. 

9 9 £ V D D MgSRE £ titc N P Semiconductor integration apparatus 

N tK— 9 ^7^^^ "C$1 characterized by the above-mentioned. 
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[§f*fi3] [CLAIM 3] 

V D D - V S S WST$fc$M & In semiconductor which has 

iitcMlkk^ Wl\^<WMfnH^ electrostatic-protection element connected 

j^£tifcil1I^{fclS^^£ ; fr"f between power sources as well as capacity 

S^MIfMl&l^T, fulfil* £ connected between VDD-VSS power sources, 

141^1 — <oW> said capacity and said electrostatic-protection 

My 4 VA^^ftLd^olliHC element are branched from the same 

ifi$Hcggfi £ mjfE^Stty power-source line, and are arranged mutually in 

— hSrVS SM y&Xfy vicinity, said capacity comprises P channel 
-7^VDD icfeWt £ fitc P MOS (PMOS) by which gate was connected to 

^y^MAO S (PMO SK £ VSS and drain and source were connected to 

'fcHty-hfeVDDlcKW^ VDD, or N channel MOS (NOS) gate film by 

WV^iVS SClggiSti which gate was connected to VDD and drain 

fcNf t^^MO S (NOS) and source were connected to VSS, said 

y~ h^"C^^c?*i, jt5iE#H electrostatic-protection element comprised 

^{fcH^HiP #:ryi/|*l£JgjGfc so-called PN diodes which high concentration 

£ftfcif&gP§?$£$[ (P + * P-type diffusion (P+ stopper) formed in P well 

) t N#3t/W*ifcJI£fife and high concentration N-type diffusion (N+ 

StifciftftSNfHJtffc + * stopper) formed in N well are made to 

h s"*— ) fotritXifch associate, and are made. 

il£ V*;b#>£ PN^>f KT? Semiconductor integration apparatus 

& ttfc r t i: "f S # characterized by the above-mentioned. 

[ft$«4] [CLAIM 4] 

VDD-VSS fBfiRHc&fK £ In semiconductor which has 

fatcBikb. PllX SSffllwSc electrostatic-protection element connected 

ll£;}xfciNl^&!i^^£ ; iF"f~ between power sources as well as capacity 

5^g&tC:fcV^T, BufE^iii connected between VDD-VSS power sources, 

iftlEfNI^tSi&^f 1 fi|p]— OH said capacity and said electrostatic-protection 

jR7^ya>?>#iRLi*o5^K: element are branched from the same 

iElfNcEfi £ ft. flftlESttli^ power-source line, and are arranged mutually in 

—<E>&llifil§/i t % 2 O&USE vicinity, said capacity is formed by interlayer film 

HS©lfflK*fctt&l©#£ of the first metal wiring layer and 2nd metal 
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xyt%&2 <D%%fe§ii/ ]) wiring layer, interlayer film of 1st polycrystalline 

=t><DM?£\$£&tzit%%nMii/ } ) silicon and 2nd polycrystalline silicon, or 

*>k&M&8M<DMT*lV&X']& interlayer film of polycrystalline silicon and 

SJlEifrfifiiSsIS^fi metal wiring layer, said electrostatio-protection 

b&l$y— * £ V D D tc, element comprised PMOS gate controlled diode 

K V S S fcl&jK&Jxfc (henceforth, PGCD) by which gate and source 

PMOS h =j > h & K were connected to VDD and drain was 

?4ir-Y (EITPGCD), i connected to VSS, or NMOS gate controlled 

fcl±y- h&tfV-^SrVS S diode (henceforth, NGCD) by which gate and 

(r , Ktx^f y§rVDD t Stt $ source were connected to VSS and drain was 

tltcNMOS^f—b^y hv— connected to VDD. 

/v- K (KATN G C D) Semiconductor integration apparatus 

tr^J^^tifc w t t characterized by the above-mentioned. 

[»#S5] [CLAIMS] 

VDD-VSStMCiicf In semiconductor which has 

intent IrIIX®KIH{cSc electrostatic-protection element connected 

between power sources as well as capacity 

S^ftiCfcV^T, BufE^ii: connected between VDD-VSS power sources, 

MEfNt^tSfS^^fifpH <Z>H said capacity and said electrostatic-protection 

JEy^vd^^H^L^oSl^tc element are branched from the same 

iff BISMOL & ti. iftfE^iliU power-source line, and are arranged mutually in 

— tf>&JSBB$|lil t % 2 £>&Jil6 vicinity, said capacity is formed by interlayer film 

HJf<o®R9ffi£fcfi^l of the first metal wiring layer and 2nd metal 

l!r>y ^Vh%2 (D^ffiib */ y wiring layer, interlayer film of 1 st polycrystalline 

=> >^B^IiI£fcli£^j§r>y silicon and 2nd polycrystalline silicon, or 

^ytMk&^M<oMT*i%kX : & interlayer film of polycrystalline silicon and 

HftfEf£l;fi&fi^l4 metal wiring layer, said electrostatic-protection 

^<—^RU^ $ y 9 $r V D D element comprised PNP bipolar transistor by 

^i/^^^vss JcSSK £ which base and emitter were connected to VDD 

JxfcPNP'M 7 V7>*J and collector was connected to VSS, or NPN 

7$ y Sfctt-^— -X&tJ^S y bipolar transistor by which base and emitter 

£S:VSSIC % 3i/^^5:VD were connected to VSS and collector was 

D tc^^ti/cNPN/^^- connected to VDD. 

7 b7yi/A#X*Wf$&intcZL Semiconductor integration apparatus 



12/15/2003 



7/42 



(C) DERWENT 



JP11-154733-A 



THOMSON 
DERWENT 



t £: W®L b1r%> characterized by the above-mentioned. 

[»**6l [CLAIM 6] 

VDD-VSSffiRPfllCgSRS In capacity connected between VDD-VSS 

titc^tt, I3C< fiStfBJfcfic power sources, and semiconductor which has 

^iitz^^WkWM^^ir electrostatic-protection element similarly 

^^^fjc&^T, SSia^fii: connected between power sources, said 

mH^WM^M^^tim— (DM capacity and said electrostatic-protection 

W74 ^^b^i^L^oSl^C element are branched from the same 

j£rt££gBtl £ mWfeikS&% power-source line, and are arranged mutually in 

— £>&HIE$JI t % 2 tD&JSSB vicinity, said capacity is formed by interlayer film 

$l<DgF^4jttt^l<D^£ of the first metal wiring layer and 2nd metal 

Jlv'y ^Vh%2 (D^ffiihi/y wiring layer, interlayer film of 1st polycrystalline 

n>-(Z>g^MSfcli^^B%^>y silicon and 2nd polycrystalline silicon, or 

3y t^M^^M<DM?^VM interlayer film of polycrystalline silicon and 

fiJt&i'U BufE#fi^\{&!S^i :: f£ metal wiring layer, said electrostatic-protection 

P ^)\sfa\Zffi$L£t\,tz.Wll&& element comprised so-called PN diodes which 

P*Sfeffe (P h ) t high concentration P-type diffusion (P+ stopper) 

N $ ^/PfyiCjB^ & titcM$t8Z formed in P well and high concentration M-type 

N^tetfc (N-hx h y*— ) £: diffusion (N+ stopper) formed in N well are 

o%fot>l£TjfetDtiZ>^t>$>£ made to associate, and are made. 

P N 4 K'Cfllrit & titc Z Semiconductor integration apparatus 

t £ k-fZ characterized by the above-mentioned. 

So 

l»#*7j [CLAIM 7] 

%M<D%m^®.MWJ££W>W>% Claim 1 or 2 or 3 or 4 characterized by 

fiJIif^)^ y$yWJ£ breakdown voltage of electrostatic-protection 

#{£v^£#^i-f 5ff;fc5l element being lower than insulation-film 

4/c(i^^2*fcttf|^3g3 breakdown voltage of capacity, or 

$ tz fill 4 $ tc fiff ;fc*S 5 semiconductor integration apparatus of Claim 5 

*fcttR**6fe«0^»»« or Claim 6. . 

[Sft$«8] [CLAIM 8] 
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SKROOTftfftSSW-tt^MI It connected with power-source line for I/O cells 

'&M$fl$&Wi<Dl/0 , te/\'RlWfi> of semiconductor integration apparatus, and 

74 yfcfiSSStiJ^o I /0± capacity and electrostatic-protection element 

/HHJfcCEil £intiZt£%WL have been arranged to I/O cell region. 

b+Z>Vt$&l *fctttt#Jl2 Claim 1 or 2 or 3 or 4 characterized by the 

$fcfiif Jjt® 3 Sfcllftsfcff 4 above-mentioned, or semiconductor integration 

£ fcttBMtfi 5 * fc fitt*? 6 apparatus of Claim 5 or Claim 6. 

[»**9l [CLAIM 9] 

^MlkXfffrM^feMMl-tt^^ It connected with power-source line for interior 

ftH$!$eil<£> I /Ot/vi^T* in inner side surrounded in I/O cell region of 

HStifcrtiRfJlcfoSP^pPfflSiSI semiconductor integration apparatus, and 

y<i ^tg§KSiia^o|*iSB®*S capacity and electrostatic-protection element 

fcEBStifc^ t SrWfti:"^ 3 have been arranged to internal region. 

W#«l*fctt»#£2*fc»i Claim 1 or 2 or 3 or 4 characterized by the 

ft j£*5 3 J fcfiH^S4 Sfcfi above-mentioned, or semiconductor integration 

IS*® 5 ifcHtffjfcJS 6 1E®<£> apparatus of Claim 5 or Claim 6. 

[*W©»«lftttWl [DETAILED DESCRIPTION OF THE 

INVENTION] 



[ 0 0 0 1 1 [0001] 

[*W0lW"58tfff$HBFl [TECHNICAL FIELD OF THE INVENTION] 

*3BWttfl^jSffl*^ft^li6 This invention relates to formation method of 

W;V>WMS A X&fci <D— o £ L effective built-in bypass capacitor as one of the 

XfizhftfaM/^ 13 yrV power-source noise rejection of semiconductor 

1f©^J&3iFifcfcKli"So integration apparatus for high frequency. 

[0 0 0 2] [0002] 

[&%<7>&m [PRIOR ART] 

2 £Sftf'?p|5 - C3§£ Lfcfi In order to remove power-source noise 
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J8/ 4 Xfe$££;1rZ>tz#>\z.\t^ generated inside semiconductor formerly, 

¥MfcM^&^(bft%<D~§M(D bypass capacitor was inserted between power 

lifiiaj (VDD-VSS) \c/^ sources (VDD-VSS) of nearest to exterior of 

4 /<x nyfyf ^ X LTV semiconductor integration apparatus, 
fc. 



[0 0 0 3] [0003] 

El 2 J3fi£5fc<DfiiI£/ W X&iffl FIG 2 is insertion point of conventional external 

^S5^>f/^=>>'7 f A bypass capacitor for power-source noise 

HLWVfo&o rejection. 



[0004] [0004] 

[*W#«Kft L<t 5 fc-f5Bl PROBLEM TO BE SOLVED BY THE 

INVENTION] 

LA*Lt£&b¥^fcM%si3&\ILP> When operating frequency of semiconductor 

RfEJSISftrt 5 2 OMHZ integration apparatus comes to exceed 

3± 5 left 5 ¥Stft#MSS 20MHZ(s), it becomes impossible however, to 
S^^SJlcf+tt hinted disregard distance (impedance) to 

3Vr VifT'li, ^-^ffcSlSiS power-source pin and bypass capacitor of 

W.<OW t f!&¥ > /<^^yf semiconductor integration apparatus in bypass 

X<D^M W V If— # s y capacitor attached to exterior of semiconductor 

# ft < ft 9 , ¥^ integration apparatus. 

ffft@^EF^Tr^^t"?>®2l/ It had problem that power-source noise 

>f X$r-HfrJ£i"C#ftv ,fc tv^5 generated within semiconductor integration 

F4H6j&£r^' LTV^Co apparatus could not be removed enough. 

[0 0 0 5] [0005] 

£ o TI 2 <T>'&$k<D l5fe<Dffi Therefore, like conventional method of FIG 2, 

¥^ft^f|g{iL[*J 2 0 0<D when power supply of digital circuit 203 and 

1 rxDMWt* y^Ti^T'^ analog circuit 204 was carried out from one 

/^[B]i& 2 0 3 1 7i~ d 2 power-source pin pair of 200 in semiconductor 

0 4 0tfKiJM&£1~5SMh t integration apparatus, before power-source 

i/9^W&2 0 3~C%£LfcH noise . 205 generated in digital circuit 203 

fiy>f X2 0 5j4 s #S80V*>f/* reached and smoothed to external bypass 

^ 3 yr >-f-^Siji§ LT^RPMfc capacitor, it went around to analog circuit 204, 
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1rZ>m\L7~f p 2 0 4^ and there was problem of doing bad influence to 

0*9^^, Ti-vfEffioWlif operation of analog circuit. 

[0 0 0 6] [0006] 

ZzX+¥^ftM^&\Stfafcio^ Then, there were danger of saying that film 

TfBRHHoW =< vfvt between electrodes of condenser is fractured by 
£r¥#fcfcff Ai~ static electricity implanted between power 

£|&£"f£w<bfil?#5 1 t>tf> sources of what can remove power-source 

<0, ttjSffl^ttA$ttfc#SS noise if bypass capacitor is simply inserted 

fd<t <9 ^yTyi}~<DW>)Mf£l<D%M between power sources into semiconductor 

£ fo£ t^o felfeS* $>o integration apparatus. 

[0 0 0 7] [0007] 

@ 3 tt^^^SSS/ X^^ffi FIG 3 is circuit diagram showing insertion point 

^ y^rtilc/M/^x^yxViJ- of conventional bypass capacitor for 

<Dffi A&ft£r^1~lHli&|g] X*h power-source noise rejection with a built-in tip. 

9 . frittUM^^?— 3 10i 5 When static-electricity energy 310 is implanted 

VDDy>f y£3IUT&A£;h through VDD line, example by which built-in 

fciK^Sc'M 3 ^fVt bypass capacitor 301 is fractured is shown. 
3 0 i#««3ix5«£*UC 

[0 0 0 8] [0008] 

[R)Bt#ft+*fc»©^ai [MEANS TO SOLVE THE PROBLEM] 

#&W©¥#fcll8iStttt* V Semiconductor integration apparatus of this 

DD-VSSS^fffl£&lft3ti invention, in semiconductor which has 

fcSfttx fBC<S2SF0llcgf^ electrostatic-protection element connected 

between power sources as well as capacity 

^ftlc^T, wiU^lktnii connected between VDD-VSS power sources, 

R#S§US8$^-I4I5I-- (DWLM said capacity and said electrostatic-protection 

y^yfrbfttfa Lji»o2v^c2r element are branched from the same 

f£(cg2§L&J'k witi^MitP^- power-source line, and are arranged mutually in 
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■f^/i'MOS (PMOS) £ vicinity, said capacity comprises P channel 

fcliNf-^y^/i/MO S (NO MOS (PMOS) or N channel MOS (NOS) gate 

S) V t —h$&X+$i&&ti, itufE film, it is characterized by said 

i^S^f&li^i^iy— hlkJfy electrostatic-protection element comprising 

-^SrVDDlC, FUjy&V PMOS gate controlled diode (henceforth, 

S Slct£$i£htcPMO S^— PGCD) by which gate and source were 

h3y|>p-^K^t-K connected to VDD and, as for it, drain was 

(WTPGCD), Sfcfty— h connected to VSS, or NMOS gate controlled 

Wy-^5:VSS(;, KU>f diode (henceforth, NGCD) by which gate and 

ySrVDDICgcj^itfcNMO source were connected to VSS and drain was 

S h 3 y h a— iv jjr connected to VDD. 
(WTNGCD) vm&Z 



[00 0 9] [0009] 

t. tc&$&$M<D ¥3$#HM!B§i£{K Moreover, semiconductor integration apparatus 

\$ % VDD-VS SSSWfcSc of this invention, in semiconductor which has 

RSJxfcSSi:, PI C < SKIS electrostatic-protection element connected 

I^SlK&ttfc#1I^tSlf^ J P£: between power sources as well as capacity 

^^S^^SttCftV^T* bWE$ connected between VDD-VSS power sources, 

4if5ffl#^^tR^^^-ftl^— said capacity and said electrostatic-protection 

<DWMy^( yfabftto&LfrolL element are branched from the same 

V ^ icjfifgjcgag £ StfESit power-source line, and are arranged mutually in 

14 KSrV S SIC KM y& vicinity, said capacity comprises N channel 

^y-x^VDD icgjg! $ jxfc MOS (NOS) gate films to which P channel MOS 

Pf tV*;VMOS (PMO (PMOS) by which gate was connected to VSS 

S h 4 tcttff— h Sr.y D D K and drain and source were connected to VDD, 

M yRXfy — * £ V S S £t£ or gate was connected to VDD, and drain and 

£ ti N ^ > ^ /UM O S source were connected at VSS, it is 

(NOS)^^- hII"C$fj$c>ik characterized by said electrostatic-protection 

iIlEi£B^&lt^-7-l4' < --*& element comprising PNP bipolar transistor by 

Tfx- 5 y # £ V D D l::^ nix^ which base and emitter were connected to VDD 

?5:VSS fcgBRSftfc PNP and collector was connected to VSS, or NPN 

/<>f 5 h^^v^^, Sfc bipolar transistor by which base and emitter 

&s<— xRXf^i y^£V S S were connected to VSS and collector was 

3l^*£VDDfcttlfc£ connected to VDD. 
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4lfcNPN/M y hy yi? 

[0010] [0010] 

t. tc^^^<D^M-i^M^^W Moreover, semiconductor integration apparatus 

tt, VDD- VS SWMffllzi& of this invention, in semiconductor which has 

ftSt&titc&lkt v 19U<SJir^ electrostatic-protection element connected 

\z&^£fotc&WL^UWiM z F$: between power sources as well as capacity 

^f^-^^fls:[cjol/^T. 8JIS§ connected between VDD-VSS power sources, 

itwiti^M^^^^^ii^— said capacity and said electrostatic-protection 

oW^yJ >frbfttfcl>i)^?L element are branched from the same 

Wofi^fcgSut^tU ijfS^ffi power-source line, and are arranged mutually in 

h£V S St£ Y^^yR vicinity, said capacity comprises in gate P 

tfy— ^SrVDDfc^^^tt/c channel MOS (PMOS) by which drain and 

Pf t >^ /^M OS (PMO source were connected to VSS at VDD, or N 

Sh£*:tty— HSrVDDK K channel MOS (NOS) gate film by which gate 

i^^^&t^y— *£:VS SWK was connected to VDD and drain and source 

Wt&fctzW^^y^JVMOS were connected to VSS, it is characterized by 

(NOS) *f — F IS"Cft $ £ said electrostatic-protection element comprising 

SulB#^{S^^ttP^^^ so-called PN diodes which high concentration 

MzM$L$MzM^fe?W$$k P-type diffusion (P+ stopper) formed in P well 

(P-f-;* b y^-) i:N!>ji/w and high concentration N-type diffusion (N+ 

ftfcM&£titzMMf£N%!l%:WL stopper) formed in N well are made to 

(N + x h y/<— ) £ro£fo;b associate, and are made. 

[0011] [0011] 

$ tc^^M<D^r^i^M^^W. Moreover, semiconductor integration apparatus 

I4 S VDD-VS SWMfflfcW. of this invention, in semiconductor which has 

ll^tifc^iii:. l^lXlliS^I electrostatic-protection element connected 

fc$M£titc$WMi&Wt%7'$: between power sources as well as capacity 

^-f&^igftlC&V^T, connected between VDD-VSS power sources, 

SirmffH^S^iS^^^ttlRl— said capacity and said electrostatic-protection 
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(bWMy-i yfrbftifcLfrilL element are branched from the same 

v 11 (cig^f^SBui £ tt, tuffi^S power-source line, and are arranged mutually in 

fi^— O^iSiBUl t % 2 <D& vicinity, said capacity is formed by interlayer film 

8fiHB©!HRSfcttf6l © of the first metal wiring layer and 2nd metal 

H i/V ^yh%2 (D^l^^k wiring layer, interlayer film of 1st polycrystalline 

i/y ^vff)M?$&&tz\$1£1felm silicon and 2nd polycrystalline silicon, or 

->y ^>t&W$MkM<OMW$: interlayer film of polycrystalline silicon and 

X'l&jfc&in^ m^MM^^M^ metal wiring layer, it is characterized by said 

if-fi^— bRtfy— *5:VDD electrostatic-protection element comprising 

tc x KK^VSSlc^i^ NMOS gate controlled diodes (henceforth, 

titc PMO sy»h?yhD- NGCD) by which PMOS gate controlled diode 

;v K (SIT P G C (henceforth, PGCD) by which gate and source 

D) , ifcfcfi^— b RXfy — x £ were connected to VDD and, as for it, drain was 

V S SIC, K wf connected to VSS or gate, and source were 

¥kWi£ tifcNMO S h^y connected to VSS, and drain was connected to 

hp-;vWt-K CEATN VDD. 
GCD) X*m$L£fttzZt£ft 

[00121 [0012] 

[ftUBI [OPERATION] 

HI 1 tt&%yft<D¥^fcMW£W FIG. 1 is conceptual diagram of semiconductor 

(Dffi&MXfo 5 0 integration apparatus of this invention. 

[0 0 131 [0013] 

WSRlJKJf A&itfc/M > r? *= 3 Bypass capacitors 101 and 102 inserted 

yfyf 101, 10 2 tt^Er-ti between power sources are each formed near 

-ftir^^/^OKl 0 3, T-t digital circuit 103 and the analog circuit 104, 

p ^IhJK 10 4 <Z>i£fiHC7i£l5Jt$ while removing power-source noise generated 

Jx, tv^/MhI8§1 0 3 T*^£ in digital circuit 103, role which removes 

2>i:& power-source noise implanted into analog 

10 4 circuit 104 is achieved. 
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[0 0 14] [0014] 

LX/<-{ /^ayryf l 0 And as for electrostatic-protection element PN 

1, 1 0 2<7>ifil&(cEii£ftfc diode 105,106 arranged near the bypass 

Hfi^&ll^ PN^ K 1 capacitor 101 ,102, reverse breakdown voltage 

0 5, 1 0 6 Jiv of PN diode is low designed from insulation-film 

r y f"©l68EffijRftBBE J: 9 „ breakdown voltage of bypass capacitor. 

PN^f^— KOiS^^lPi^U"- When static-electricity energy is implanted 

9 ^£y®EEiM£< Wft £ft~C through power-source line here, license of this 
l^<5 0 ^T^l!!^^/^— electric potential is carried out to bypass 
fl s ^7>f strait TttAi* ft capacitor 101,102 and PN diode. 

fcSHK ^-i a yf^t 1 However, before making bypass capacitor 

01, 102i:PN^ K extend in rupture, static-electricity energy 

!C|^m£#3M£ft5#\ discharges through PN diode. 

/<^3>7 f y^Srffi[JiKiS5>U Therefore, bypass capacitor 101,102 is 

#> 5 fiftlc P N K kit L protected from static electricity. 

-C#««^/v^*tt«Sft 

10 1, 10 2f4»«a*»5>« 

[0 0 151 [00151 

1%W<D %tt<Z)Jgtt] [EMBODIMENT OF THE INVENTION] 

£ITI^*^ W^^^a^^JE^J?: Detailed Example of this invention is specifically 

@ffiSr#flB LTJr^WCiIA^'f demonstrated with reference to drawing below. 

5o 

[0 0 16] [0016] 

HI 4 li PMO S h^y^p FIG 4 is 1st example circuit diagram of this 

— )VY$4*— K (PGCD) invention by combination of PMOS gate 

IfcWx&^M^ t PMO S y — controlled diode (PGCD) electrostatic-protection 

h flfikW 3 >"r yWf&fy element and PMOS gate film bypass capacitor, 

^b-frlc J; 5 fc%$l<D% l&M It is for bypass capacitor 403 stabilizing power 

KEI*C$>5o /^^x^yjy source of analog circuit 400. 

$■ 4 0 3 117 -J-b ^0884 0 0 And electrostatic-protection element 404 is for 

<OW&% ! £feik£ J &6t£#)<Di > protecting previous bypass capacitor 403 from 
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<DX*hZ>o %LX^m%%W$. static electricity. 



[0 0 17] [00171 

/^/^ayryf 4 0 3 liP Bypass capacitor 403 comprises gate films of 

MOS h^yi?*^©^— MR PMOS transistor, VSS and source, drain, and 

X-ffirfi £ h £ V S S tc substrate are connected to VDD for gate. 

^Lty-^> KU"f >\ "0"^ That is, bypass capacitor is formed between 

^ hi/— h£VDDfc8BR3*l VDDandVSS. 

*C V * 5 0 9VDD£VSS Electrostatic-protection element 404 comprises 

<DWZ' < 4' < x = >'Ty'fi> i l& PMOS transistors, gate and source, and 

$£;ft5^<t:{c£5 0 substrate are connected to VDD, and drain is 

St^f 4 04ttPMOSh7>' connected to VSS. 

>* * * $ ti, h 3tt5 Therefore, it is usually in OFF state, 

y— * v f^xh h SrVD However, license of the static-electricity energy 

Die, KW^VSS icg^ is carried out once, high voltage beyond about 

SttTVSo ctoTii^fi^*^ 20V is usually built between drain and source, 

ttffitfeSi^ thirfctffiMlfli and static-electricity energy discharges from 

jx^/i^— sJSHJpjSttK^^. VDD to VSS according to break-down 

t y — * tf>fi8 \cW% 2 0 VgUl: phenomenon of transistor. 

£H±©S5SBE45*^-5 9 Therefore, since electric potential more than 

^#0/i/-^^^ySftt breakdown voltage of electrostatic-protection 

i^VDD^VSS element 404 is not built over bypass capacitor 

#JM3;|x5o io 403, it protects. 

^ yfyf 4 0 3 tc Here, example of PMOS transistor is shown as 

ttlMtSftSSSW" 4 0 4 (D7 V electrostatic-protection element and a bypass 

— 9 ¥ £ >SffiE* Jt ^ttffctt** capacitor. 

4 1/ >OT'ftI &ti&<DXfo However, NMOS transistor is sufficient. 

WW ;<x =j y If i: L T P 
MOS h-7y*Sx9<t>& t li:&l> 
tcAK NMOSh7^?t 
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[0018] [0018] 

m 5 liNMO S h =i y h p Fia 5 is 2nd example circuit diagram of this 

— frY Y (NGCD) invention by combination of NMOS gate 

#*ftftM***NMOSy- controlled diode (NGCD) 

hgg/W /^7»nyfi/yr<r>%&fr electrostatic-protection element and NMOS 

%k>¥:\z. <fc %>~&WJ\<D% 2 gate film bypass capacitor. 

K@T*fc5o £fcfMI£UR!$* Moreover, it is possible also in combination of 

■T- 1 LtPMO S , s<4 ^ NMOS as PMOS and a bypass capacitor as an 

yfyf t LTNMO S electrostatic-protection element 

-&b*"CtfiV\ IrJIXS^MR Similarly it is easy to be natural in combination 

f^iUNMOS, 'Us* of PMOS as NMOS and a bypass capacitor as 

* n yfy^ t LX PMO S <D . an electric protection element. 

[0 0 19] [0019] 

01, 02-Cf±7-}-n^[p|8&^ In FIG. 1, FI& 2, it was objective to protect 

EJ 9 ii/k*C< 5®K7^f V/^f power-source line noise which goes around to 

XS;/P7^ analog circuit. 

"Cfco/c*^ R*tfc/>f XS:38 However, this invention is effective also in 

£L^1"V % xS'£ r /Hsl&0>WR objective that power-source noise of digital 

/ A XjJsflctH L&V^ J; 5 & g ft circuit which is easy to generate noise contrarily 

Kife^XWtt^JBltf&So does not drain out. 

[0 0 2 0] [0020] 

M 6 Ht;W5tfl0>j£ 3 #Jtf>[Hl8&[g| FIG 6 is circuit diagram of 3rd example of this 

t\ -risf/is/ 4 X<p$\ t LT invention, and hangs up output driver of I/O cell 

I /0±^<DW,f} K5-f s<— as an example of digital noise. 

UlfX^&o ^fleftMSttT" It is ideal which region only for input-output cells 

:^<DJS2l9lCf±gftAW^"fc (I/O cell region) is usually arranged at ring 

/l'lSPJlSIW ( I /0"£yH?W£) shape at periphery section of semiconductor 

tfil) ^^4RlcEfl$itT*>9* integration-apparatus tip, and is divided with 

rt pB^^ffl ©®R 1 5 tf>>4 5 power source for internal region. 

SS"C?fc5« i: w^jPKVSW) However, power source for interior and power 

WRt£lfXft%RSWMb I /O source for I/O cells may have to be branched 

t/VftWM&jk&OVDD'*? and used from common VDD pad 605 and VSS 

. K 6 0 5RXFV S S^ ^ K 6 0 pad 606 with limitation of the number of pins 
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6«>P>^ftLTffifflL4rtiifif etc. 

& bft^l&B #fc5„ ■£ - Then, after branch, in view of pad, VDD600 for 

v Ki»P>#T#i»£®:f£ I /0± I/O cells, and power-source line system of 

/^VDD600tI/O-t/i/ VSS601 for I/O cells, and 

ffiVS S 6 0 lOWfay'i V% Power-source line system of VDD602 for 

l*Jgfl$ V D D 6 0 2 £ interior, and VSS603 for interior 

f VSS6 0 3Wii7'f>'l Usually are arranged so that common 

fc&M'fy t°— Sr^ffclt impedance may not be given. 

tt ^ * 9 K:Eflt*-5 o&mmx 

[0 0 2 1] [0021] 

El 6 Xit^ y 7<Dfc±.=i— i~ — FIG 6 shows power-source line of upper right 

^(DWMy-f y^Lt^So corner section of tip. 

/<>f ^ yf 6 0 8. 6 Bypass capacitors 608 and 613 are connected 

1 3&9o<D I/O-fcr/WEVDD between previous VDD600 for I/O cells, and 

6 00tI/Ot^fflVSS6 VSS601 for I/O cells. 

0 1 <D?Alz&1fc&tiX^Z>o f£ Similarly it connects between VDD f VSS for I/O 

fiSfRS*^ 6 0 7I±|^C< I cells, and electrostatic-protection element 607 

/ O -fe z^ffl VDD X VSS^K is arranged near the bypass capacitor 608. 

K 8c$k £ ft rt*o A>f a Moreover, another electrostatic-protection 

0 8<£iffl£{£iKg£4x"t element 609 is similarly connected between 

l^5o 5 1 o<Df$H^S VDD,VSS for I/O cells, and it arranges near the 

6 0 9 t mfefc I /O-fe bypass capacitor 613. 

/Vffl VDD, V S S O fS Ic^i^c Electrostatic-protection element and bypass 

^tu^o/^^T s<x^>'*rD m 6 1 capacitor may be in ring-shape power source 

3<WEfflcEKSttTV^S 0 # how many. 

S^fcli^^fttM^ =" > Similarly output dry burr cell 610 is connected to 

Ty-frtty y^clliJStCVKo I/O cell power-source line, it switches in 

i>ott6l/\ ttS^j K5 "f response to output signal 611 from interior, and 

±j^6 1 0 I /O-fe/V final output signal comes out from output pad 

«R9>fyic«tt*iiTlD0, 612. 

rt^*^Otti^/ft#6 1 1 SrS At this time, switching noise is in I/O VDD600 

ttT*>f yf-V^U titfj'*? andVSS601. 

K6 1 2 A>fei|&|ii^f5 However, bypass capacitor 613 arranged near 

Z> 0 Z-<Ot% l/OfflVDD6 the output driver 610 relieves power-source 
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0 0 RXIV SS60 HC^^fy noise, furthermore, bypass capacitor 608 

3-yy/4Xtf<DZ>&. tti^K relieves further. 

y A /<— 6 10 <D& < KEfi £ Therefore, to VDD602 for interior, and VSS603 

jtfc'W 1st 6 1 3 for interior, sneak path of power-source noise 

Ci oTHjiy *f Xtt^fo^ generated from output driver 610 can be 

£t>K.s<4/'<7>xyy g y<f relieved. 

6 0 8tioTSe>lClBftSil 
TVKo ctoTWfflVDD6 

0 2, J«BVSS 6 0 3{Ctf; 
ttW K9>f'<-6 1 0ii*&*4 

5o 

[0 0 2 2] [0022] 

1 r"Cf±#SaiftS3f-7-i Here, example of PGCD is carried as an 
P G C DO0O£r©-frTV*5;!)\ electrostatic-protection element. 
t^^NGCD'C ft However, of course, NGCD is sufficient and 
V>U PGCD£NGCD£3fc PGCD and NGCD may be used for juxtaposing. 
MlcfiEffl LT t ftv\ /M'** Even if bypass capacitor also also uses PMOS 
a yf>!tt PMO S "C t NM or NMOS for juxtaposing, the objective does not 
OS-CfcSfc&MKittJSL-C change at all. 

4>> ^OBWttfcA/£>&:fc>5£ Moreover, GCD as an electrostatic-protection 

btZft\t\ SfcfNI^v&ll^H 1 element and combination of bypass capacitor, 

t LTOGCD fc'M /^3^ case where transistor is beforehand prepared 

TyWfflfr fcHirtt* tf— N for electrostatic protection of input-output pin for 

7 U"f 3?<7> J; 5 fc I /0<g$tc forming output driver in I/O region as gate array 
tttttfj K7^^<-*r»*-r*fc ismostly. 

L< fiAttl>J t*y^|^S There is also advantage that transistor left in 

ftfSt$ftf>fc#>(C h y yz?x#jfi unused pad cell etc. can be used effectively as 

h b£>Ctf>£Ij§:cF;ft*"CV^5 j§£ an electrostatic-protection element. 

# s £<7fc{£ffltfV^:y K"fe/^Sf"C Since these electrostatic-protection elements 

^o"CV5 by y*s^9%$% are furthermore connected between power 

^{SH^Ft LT^T^bfiJffl'CS' sources, there is effect which prevents rupture 

5 1 V > 9 £> 5 o & - of internal transistor also to static electricity built 

1fc b ©SM^ftll^^fiiSKPfl between this power-source pad. 
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CfiBtt * ft T ^ 5 © -CttttR/^ 

[002 3] [0023] 

Zfe JCf^S^iRBI^^ t LX'<4 Next, example which uses bipolar transistor as 

y hy> is * 9 Sr^ffl Lit an electrostatic-protection element is 

#J 4:1ft W+<5 o demonstrated. 

[0 0 2 4] [0024] 

HI 7liNPN^<-f 7 h7V FIG 7 is 4th example circuit diagram of this 

i/*9 fHl^f&ft^^* <h PM invention by combination of NPN 

O S y — h E-'M = yfv bipolar-transistor electrostatic-protection 

i^jfi^fe-frK. J: 5>M8S!J0>' element and PMOS gate film bypass capacitor. 

&4ftlaJI&l2"C&5o /M'** As for bypass capacitor 703, 

3>"r>"#*7 0 3HT*^*p^|eI electrostatic-protection element 704 exists for 

ffi&MW&feiktDtctb^ IMtSl electrostatic protection of bypass capacitor 703 

t^lS^^f 7 0 4 JSyW ^ V for power-source stabilization of analog circuit. 

=fl/^ 7 0 3 <fffi%WSkWfl>tL Bypass capacitor 703 comprises gate films of 

#>fC#£i"5o /<>f 3 yf PMOS transistor by which gate was connected 

yf7 0 3liy- fSrVSS to VSS and source, drain, and substrate were 

lc N y— KMy, if 7* connected to VDD. 

M^— hSrVDDlcggjESiifc Bectrostatic-protection element 704 is NPN 

PMOS h7>i/x9<Dtf— h type bipoiar transistor by which emitter was 

RTfflWcSfL'Sa #tt^(S3i* connected to VDD and it connected collector 

^7 0 4 li*. 5 »y p % v D D and base to VSS. 

{C, n l^^&If^— ^SrVS Generally breakdown voltage of bipolar 

SfcSjRLfcNPNS'M transistor becomes lower than that of GCD 

y Yyl/i/^9 Xfo 6 0 — JKM transistor for how many minutes. 

fc/*-Y sK— 7 h7V^^(Dy Therefore, it is effective in being more favorable 

9ty>W±fe&CT) hy than GCD as an objective of protection of 

y*Jx9<Df:tiJ:9&ft1&<ti: bypass capacitor. 

Z><DX\ Therefore, semiconductor integration apparatus 

&Wi<OBtfyb LXGC DJ: 9 A shifts combination of bypass capacitor by 

£FT*$>5 1 5 ^^i s fe^o i electrostatic-protection element and gate film of 
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V yy*J*9<D bipolar transistor to deep submicron design 

Hi^&Hii^ t V — V IRK X rule, and there is particular effect that it can be 

5 ;^'3 yr^f^IMp adapted even if gate film becomes thin. 

fc)*t3. ^^ftll^SSfl^T '«{ Moreover, more nearly mass bypass capacitor 

— ^i"? 5 9 ^ ytOxUV >vi/ can be obtained by ability of thin gate film to be 

— /i"^v'7 h LT^ M£jS s used, and effect of noise rejection improves. 

S< & t>5lJ&~C£ 5 1 5 Of course as a bipolar transistor, it is possible 

*fc^V>y also at PNP type. 

— MUSHES w £ *C<fc *9 ^3? However, in PNP type case, base is used for 

ik<D/<4 5 VDD side, connecting, 

r. <h #-C# % / *< Moreover, it may use PNP type and NPN type 

a 5 [R)±-?~5o hhhh'<4*#— for juxtaposing. 

y hy 9 1 L~CI± PNP Although it is still more needless to say, as a 

SiT* & &V\, tctc t P N PMcD bypass capacitor, gate film of NMOS transistor 

SH^— * £ V D D M^^Wt L is also possible. 
T^ffl1-5o JfcPNPSiN 
PNiS:«5iJi:«ffl LTt>& 

os hyv^^^y-M-e 

[ 0 0 2 5 1 [0025] 

Bl8liPNy^^— KHH^ffc FIG 8 is 5th example circuit diagram of this 

lifiNMOSy- hf&'<4 invention by combination of PN diode 

/<*^y>7 : yy~<Dl&fy J &t> : &\c electrostatic-protection element and NMOS 

£%fcfflM<D!% 5 ^J@8&@ w efo gate film bypass capacitor. 

5 0 /^^3yfyf8 0 3 As for bypass capacitor 803, 

127 -^p ^08S©SjH3c3&ft;o electrostatic-protection element 804 exists for 

fc#\ S^lt^fcll^^f 8 0 4 j± electrostatic protection of bypass capacitor 803 

/Un yfyf 8 0 3 <Df£ for power-source stabilization of analog circuit. 

®^{&lf <0fc#>|c#£-t"5 o Bypass capacitor 803 comprises gate films of 

4 ;<7> =i yr^f 8 0 3 \i J f— NMOS transistor by which gate was connected 

h£r VDDK, y — ^ . K y >f to VDD and source, drain, and substrate were 

>\ hi/- f £ V S S fc connected to VSS. 

^i^WcNMOS h7^x Electrostatic-protection element 804 makes 
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$<0?— MI-CiM^ftSo # high-concentration P+ diffusion (following P+ 

l^tfcH^ 8 0 4 fiiaj^S P stopper) and high concentration N+ diffusion 

+ fcfc (£AT P + * r- y ^— ) (following N+ stopper) associate, and is formed, 

irflKgN+fcffc (#TN+* P+ stopper side is connected to VSS, N+ 

hy/H ^o^rfc^-Br-CffM stopper side is connected to VDD, and 

&tk P+* r- */'<— ftijfcVS perimeter of said NMOS transistor is 

S "n N + * \ v /*HM £VD surrounded further. 

IENMOS YyW*9<nnW 
[00 2 6] 

Hl9f4C:tf>Hl8<E>PN£V 

So 

[00 2 7] [0027] 

K l"f> • y — * <t ft 5 N +1£ N+ diffusion 910 and 911 and polycrystal silicon 

ffc910£91l b&&lm*s}) gate 904 used as drain * source are NMOS 

^ Vf— h904f4NMOSh transistor, and form bypass capacitor with gate 

yV*y?.$-QMV-Ym^& film. 

9 y<4 ;<x=iyTyy-&M&L P+ stopper 912,913 surrounds perimeter of 

•Ci^S. P + * h y/*— 9 1 2, transistor and sets electric potential of P- 

9 1 3# hyy^XfommZ WELL917toVSS. 

|))|^ P-WELL9 17 Moreover, perimeter of P-WELL is N- 

©HKSrVS SICLTV^,, $ WELL916.918. 

fcP-WE LL^IIiN-W VDD electric potential is given by N+ stopper 

ELL9 16, 9 18T-&9. 915,914. 

N + 9 14 PN diode 902,903 is formed in border of 

|C J: <? V D D £ x. btvC P-WELL and N-WELL at this time. 

r©£#P-WELLi: 
N-WELL<^#iaiPNy 
<<*- K9 0 2, 9 0 3^$ 

[0 0 2 8] [0028] 



[0026] 

FIG. 9 is layout plane-cross-section figure of PN 
diode of this FIG 8. 
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w©i54PN^*—K#« Combination of such a PN diode 

^UU^tY—h^<^^^ electrostatic-protection element and gate film 

ttyfy-fo^L^^h^itby bypass capacitor can surround perimeter of 

V\/*$<DM^^7&\ztf4ir transistor for diode completely. 

— K*CQH"C# 5£>"Cs h Therefore, peculiar effect that protection of gate 

R®ft3#£9v^o-t9 3ft^Jfc film becomes much more forcefully more is 

%&b\<^%l$f<D$}%:$:i>tcb brought about. 

"t\ £ h\cz<D^fj: ]f y?yt<D P+/N+ stopper of still such a ring shape does 

P+/N + * ttP-W electric potential of P-WELL and N-WELL 

ELLWN-WELLOifi forcefully, exceptional effect of stabilizing 

SrSft^f U hyyitxfcDM high-speed operation of transistor further is 

£ftf£«:-!3c3fe£*5£v*5 brought about. 

&S'J ttc^o w <0&l This example demonstrated NMOS as a bypass 

•eji'M 3 3>if <t LT capacitor. 

NMOSS:RSLti s x PMO However, effect as a bypass capacitor is not 

SY7>*/X9 <Dtf— hRTffc broken by gate film of PMOS transistor at all. 

yq^X^yfVf t LX<D%h 

[00 2 9] [0029] 

r tt$ 3 yr^t £: Example using gate film of transistor has so far 

L T h y yi/X pcDtf— h Mi: been demonstrated as a bypass capacitor. 

&0$\$:Wl$\ t"Cf tzi£, However, it can form also by interlayer-film 

Z>$!MMlz£ SiPfllfitt) capacity by different wiring layer. 

[00 3 0] [0030] 

01 Ofi— )&W#KHJf filJlf;: FIG. 10 is sectional drawing at the time of 

<fc 'J^SSrj^^Ufc^^^^fffi forming capacity by general wiring-layer 

@"C#>2>o ligamentum. 

[0 0 3 1] [0031] 

HlgE^ll 0 0 3 ir^2K$| Value of condenser 1004 is decided in 

Jl 1 0 0 2 jJ 5 3£iEL"£V5W# proportion to area of part which 1st wiring layer 

tf>B$l icitM LX^ vfvf 1 1003 and 2nd wiring layer 1 002 intersect. 

0 0 4 (Di&fifct 5 0 ^ 1 £H VSS electric potential is given to 1st wiring layer 
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11 0 0 3 \z n V S S y 4 y 1 1 003 by VSS line 1001 , VDD electric potential is 

0 0 1 lei 9 VS S^SfiLtftt given to 2nd wiring layer 1002 by VDD line 

%2mm 1002 c» 1000. 

VDD7^>1 0 0 0 }C <fc (? V Capacity value is the same even if it gives VSS 

DDfifi^x.6tldo i>h% to 1st wiring layer, of course at VDD electric 

h% 1 tVDD ffife £ - t potential and 2nd wiring layer. 
LX% 2 £jRJf £ V S S 

[00 3 2] [0032] 

® 1 WMM h%2 iBj6B©*tK As a combination of material of 1st wiring layer 

<DBfy£t>*tt LXi$&* (T and 2nd wiring layer, they are the 1st layer of 

tf>Jia»&) &M§iill 1 if S £ & the metal wiring, and the 2nd layer of the metal 

JSSBH 2 M B » &JSBH$ 2 1 B wiring respectively (from lower layer), the 2nd 

£&JiSa$|3JiB v &BBBH3 layer of the metal wiring, the 3rd layer of the 

1 B t&JBEiMB B. metal wiring, the 3rd layer of the metal wiring, 

tiklMUk &JiS2$| 381* £ the 4th layer of the metal wiring, the 1st layer of 

Jil!$|2flf B ££M8E!|4JI the metal wiring, the 3rd layer of the metal. 

B , &JSE$I lMBt &JSffi/i wiring, the 2nd layer of the metal wiring, the 4th 

#MEhbv' layer of the metal wiring, the 1st layer of the 

D^VlIii #HSot U 3 ^ metal wiring, the 4th layer of the metal wiring 

2jfB. ^Slv' y =3 f 2 B @ eta » etc -» or the 1st la y er of the polycrystalline 

i#!6ft^5 3>3ii, silicon, the 2nd layer of the polycrystalline 

aVyy^yiilt^lv'y silicon, the 2nd layer of the polycrystalline 

3^311?, ££>ldli#&ii silicon, the 3rd layer of the polycrystalline 

i/]) a Vlll t&JSBBl&lI? silicon, the 1st layer of the polycrystalline 

B , #£jbet> V 3^211 £ & silicon, the 3rd layer of the polycrystalline silicon 

JgEH 1§S. y 3 ^ etc., etc., furthermore, they are the 1st layer of 

1 f§ B t 2 S @ 3f <Z># the polycrystalline silicon, and the 1st layer of 
&&i/])ay£&ME&<DtB,fr the metal wiring, the 2nd layer of the 
£fc*ti\ £ 5> l-tt, S£tfeS i& polycrystalline silicon, the 1st layer of the metal 
RSXX<0&^t>t^h^fH wiring, combination of the 1st layer of the 
Tffe-So polycrystalline silicon, polycrystalline silicons, 

such as the 2nd layer of the metal wiring etc., 
and metal wiring, furthermore, combination of 
diffused layer and metal wiring layer etc. is 
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[0 0 3 3] [0033] 

Hk^^<D^BMi^^i>^4 Next, example adapting bypass capacitor by 

3 yfyf ^1 LfcWcol^ this wiring layer is demonstrated. 

[00 34] [0034] 

(3 1 lf4#^<Dffi$l!{cJ;5 FIG 11 is 6th example circuit diagram which 

/^^^yxyf iGCDC combined electrostatic-protection element by 

i.hW^MMW^^^:U^t> bypass capacitor by wiring layer and GCD of 

#fc^6#J@?§g]-e$>3o this invention. 

tf^Dpti^ B&LT^5?i 5 l36£> Although components of details were omitted, 

#l£|pl$! I /O^frW&ft^y they took out top region of semiconductor 

7V>/§|52£ U v/WcES&ix integration apparatus with which I/O cell region 

T5¥^#^^3£1lCO±&£:& is arranged around tip at ring shape like 

V&LtchOVh&o l/om example of FIG 6. 

W$»7 -Ob fa pRffl HiP^ >f V Power-source line for I/O and power-source line 

\t&M<OVDD/<y K 1 1 0 0 for interior are branched from common VDD 

irVSS^^KHOl frhft pad 1100 and VSS pad 1101. 

ftLtt^o I/OfflSiJgy-Y Power-source line for I/O is arranged as 

Vf42l@&MlE$il£f£v^ expected at ring shape using the 2nd layer 

11*9 ]) v^lcEil^tk metal wiring layer, outermost periphery is 

M$> I /OiVDD 110 5, assigned to VDD1105 for I/O, and inner side is 

I /OfflVS S 1 10 7 assigned to VSS1107 for I/O. 

(cfiJ^^TbttTV^So (B 1 1 (The 2nd layer wiring layer is expressed with 

X*\*X^M$kX 2 1 thick continuous line in FIG 11) 

U LT^5) ttcmB I /Offl Moreover, VSS1104 for I/O is arranged at style 

V D D 1 10 5 (O^MLt it #5 which laps with region of said VDD1105 for I/O 

Hie 3 1 S^MSBUMSr^V^ I using the 3rd layer metal wiring layer, bypass 

/OfflVS S 1 1 0 4 j4*1EuI£ capacitor 1 is formed in region which these two 

:_£>2o0>Ji£)^ DXf i> layers cross. 

HS$~C/M ^x^yfyf i £ (The 3rd layer metal wiring is expressed with 

AM LT^5 0 (12.1 lTH^iSI chain line in FIG 11) 

X 3 1 g &Jgi2$£^ LTl> Moreover, VDD1106 for I/O is arranged at style 

5) 4fclRlfl6£SiJfE I /Offl V which laps with region of said VSS1107 for I/O 
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S S 1 1 0 7 ©fgtt£:S>5e5tl similarly using the 3rd layer metal wiring layer, 

fc3MB£&W!MM$:&^ I / bypass capacitor 2 is formed in region which 

OfflVDD 1 1 0 6 #>S2ft & these two layers cross. 

ti^ Z-<D2o<DM<7>? n*-^ £ These two bypass-capacitor 1,2 both are 

ffi^X^U^x a >-r yy- 2 £ connected to between VDD-VSS. 

7#J$ U"tv^5 0 r^2o (0/^4 Effect is in relief of switching noise generated in 

/^ayfyf 1, 2tt4f*>e> I/O cell. 

tVDD-VS SfSMg$c£T And electrostatic-protection element 1108 by 

r t ictt 9 . I /O-fc/M? PGCD was inserted between VDD1105 for I/O, 

3&£bfc*>f *y?>y/4X<D and VSS1107 for I/O as expected, and protects 

ttSiKSSSi 5 5 0 -t UT P G C electrostatic damage of said bypass capacitors 

D fcJ; SIMiStftjl^F 110 1 and 2. 

8 A^tt <9 I /O ffi V D D 1 1 In order that combination of bypass capacitor by 

05H/OiVSSl 107 this electrostatic-protection element and wiring 

<OWifcW A^ttSufE^W a layer may use I/O power source doubly, it 

yfyt 1 , 2 ^)#S^fl6SSr lowers source impedance and also has special 

{fcHL'CV^o Z<Dft9Mffi$t effect of improving high frequency 

Hi 1 i SUB {c i 5 a?* n characteristics. 

yf yiJ-^IS^^ fc>*fi I /O Furthermore, since I/O ring region exists widely 

2 fitcft^"t"5fc*®R along periphery of tip, large area can be taken, 

4 is If— ^y^£${fiSJSStf# it also has advantage that it can be easy to 

tt£:lRl±cF*<5 t V s 5 ##J£>$J obtain capacity value of major bypass capacitor. 

Ski>^irZ>o $5)KI/0!)y Moreover, PGCD was raised as an 

^fii^fif" v zf<DftM |c o X electrostatic-protection element here. 

£<#£t*5fcftffiS&j£;< t However, effect that NGCD demonstrated so 

fi, XZtt:'^'**^ yfvt far, NPN bipolar transistor, PNP bipolar 

oSftffi?: ; i : 5>ti/ J ^i"V^tv>5 transistor, and PN diode are also similar is 

5pJ/£ *fcwrTftt# acquired. 
ISlftilfirUPGCD^ 

fcNGC D^N P N'<<<( #—7 
2> 0 
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[ 0 0 3 5 J [0035] 

r <D X o (c 1 Jfi©SJS^ y K L Thus, also in semiconductor chip only with 1 set 

frfttct&^^fo'J- y 'fkz joV^ of power-source pads, power source for I/O and 
X i> x I /OfflfflS £ ft power source for interior are prepared, by each 

^SrfflSjcLT, ^tf^^'f ^ preparing bypass capacitor and 

{C^ti^tis^ /<x^yT>"$' electrostatic-protection element in line after 

kftWMfktt^S^ £t>5tt£^ branch, noise separation of I/O region and 

h\z£V* I /O^JRfcrtSWS internal region can be performed. 

JR©/ >f X^HtA5prtE-efcS 0 It can prevent switching noise of other digital 

r tiic i 9 7-f n ^SK^f&O circuit or I/O cell mixing to analog circuit by this. 
Tv^/MalS^ I /O-fe/W* 

[0 0 3 61 [0036] 

Ki*&^ L "C I /O Moreover, since protection of bypass capacitor 

RlWMyJ y t ft§MBS867>f can be performed even if it does not individually 

y&fttfct 5HufcfiME$[ffii8^ prepare electrostatic-protection element in 

^SrRttS- £tc<fc 9* rtSP^ object for internal region, and I/O region by 

$ffl<b I/OftJjtffllciHSJ^ft preparing electrostatic-protection element 

H^tfcH^^ £!Ktt&< Tt^ before power-source line for I/O and 

4 n ^7 !/f-0>fel| # plt& power-source line for interior branch in view of 

XfoZ><DV^ F*}pBf§i$Ogi8(£; power-source pad, it is not necessary to 

*t & T fc$F t? o increase area of internal region. 

[0 0 3 7] [0037] 

4 fc^&fJ!©^^ 13 ^ Moreover, bypass capacitor of this invention 

U" t^WMMMB s F(OB^'at> and combination of electrostatic-protection 

-t£fi/^X&i£v>5#5l5tf>£ element are effective in mentioning 

e£>fi!l v 4^ttftf8$£il0>fMI static-electricity resistance quantity of 

^Mt£feff 6£^5^^&fo semiconductor integration apparatus besides 

5 0 original main point of noise rejection. 

[00 3 8] [0038] 

El 1 2tt#SSH0>IM^RI$^ FIG. 12 is static-electricity model figure when 

¥bs < 4s<x*y : r>y'&1SLfy static-electricity energy starts from exterior 
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£fo1£tz^Mft$k^&W.fcft$> semiconductor integration apparatus which 

frb&WM.^^^—fcfrfr'i combined electrostatic-protection element and 

tc B#<£#11^^7VVEI X*fo&o bypass capacitor of this invention. 

(0*7* MO± There are EIAJ, MILL, etc. in model of 

E I A J I L L^V^ < o>5> static-electricity energy partly. 

w "Ctt#(tSflBEE 1 However, after static-electricity voltage 1200 

200 (V=400v) (V=400v) is accumulated in static-electricity 

^£Jt 1 201 (C 0 = 2 0 0 capacity 1201 (C0=200pf) here, case where 

p f ) KSSSftfcft* license is carried out to semiconductor chip 

^ y :/ 1 2 0 4 ICPP pj £ titzm 1204 is shown. 

££r^ LTV^5o @K/p y $ Built-in bypass capacitor 1202 prepared in noise 

^ttJgiJty>f XBfe5feffi{ca*tC> rejection apart from circuit block is set to 

titc^m^^^yfy-fi ci=2oopf. 

202£Cl = 200p fti" Static-electricity energy of being main is 

$ 0 &&bk<D#9$!.x*A'* Q=C0*V. 

—\$Q = C0 *VXfoZ>&^ ¥ However, when license is carried out to 

^t$3-yZfiZft}»J£tlZ>&fiZit semiconductor chip, it partitions into 

C 1 1 C 0 (O^ibtfC^HMS ti capacitance ratio of C1 and CO. 

5 HfflEli&'/p :/ ^ 1 2 Therefore, static-electricity energy concerning 

0 3 fci>A»5ifrS^M^Mr— real circuit block 1203 becomes 1/2 compared 

fiV* (CO/ (Cl+CO)) with case where it becomes V*(C0/(C1+C0)) 

= V* (1/2) kfttyftM^ =V* (1/2), and there is no built-in bypass 

4 a yfyf 1 2 0 2 capacitor 1202. 

^^"otit^X 1/2IC#3 0 Static-electricity energy which, on the other 

— ^ftjS^^^^VTVf" 1 hand, starts built-in bypass capacitor 1202 is 

2 0 2 \cti>ti*i>ftmfiL**A'¥ V*1/2. 

— liV* l/2"C$>6i 5 . #SE However, it depends electrostatic-protection 

^{SH^F 1 2 0 8 ±oT$lS element 1208, and since it discharges,, rupture 

£ ti 5 ©"C5ft«f±*5 - b # V \ is not started. 

<fcoT¥#ftf-y^£#£>l£it Therefore, static-electricity resistance quantity 

$tifSHiarac 2fi£lzhfcZ>Z.k of the whole semiconductor chip goes up about 

tc£5 0 double. 

[00 3 91 [0039] 

-t LTiliP"^£'^ 3 >"r And improvement of static-electricity resistance 
>"tf-(DgftfilS:^:t < ir quantity can be desired, so that capacity value 
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of bypass capacitor to add is enlarged. 



[0 04 0] [0040] 

[ADVANTAGE OF THE INVENTION] 

&±UfflLtc£o{z%L%$M<D¥ As explained above, it can relieve that 

MWIlkW&Wfo^ y~?foUX3£ power-source noise of digital circuit or I/O cell 

£1"3xv ? ^A'@!& J H /O-fe generated inside tip goes around 

fr<bWti&J4 XififtLfbW&'f o semiconductor integration apparatus of this 

v $ ^0 (9 : &fo<D$:Wfa1rZ> Z invention to other circuit block, moreover, noise 

Xldft which goes around from power source so much 

SttT'tti ^EES^I^fcl^ LT in analog circuit sensitive to power-source noise 

WMfrbM 9 ii^T < 5 / X etc. can be relieved. 

£8fa"t"5wfciP-c£<50>-^ Therefore, characteristics improvement of 

T^p y\S$&<Dft&fi\±.RT$M analog circuit and stabilization of high frequency 

HRWft^tt^^jEfta^fe operating characteristic are obtained, 

ti. Xlz$&\/^^t$M semiconductor integration apparatus strong 

SSfI$:SHft"?# 5 0 against power-source noise can be provided. 

[004 1] [0041] 

£fc*35?^¥^teH9§£tttt Moreover, semiconductor integration apparatus 

<D®j&y n y ^ fe<0®IS7 of this invention can arrange bypass capacitor 

y{ ylC/W/^^^^xy-^^rga on power-source line for each circuit block of 

WX*%Z><DX\ ^TWftfcl'* every. 

/<x n yf vifSrft It 5 <£ 9 Therefore, bypass capacitor is connectable with 

fcffi^ytf— ^^*^:[eIK&Xei circuit block by low impedance rather than 

y $ t *<4 /<7s=t y r y f* £g£ attaching bypass capacitor to tip exterior. 

w t 5 £>*C\ Therefore, effect of noise rejection is high also 

i&ijfftgJ&T* y -f X&Sco^i in high frequency operation region. 

[0042] [0042] 

t.lt^^MJSkWS^t t LTGC Moreover, in combination using GCD, I/O cell 

D^^^S^-^bitTii, 1/ etc. can use unused transistor as an 

0±fr$rX*7£$tRl<D V 7 electrostatic-protection element. 

9 Srffi ?Zb&X% &<DX, $5 Therefore, loading gate is effectively utilizable. 
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10 0 4 3] [0043] 

t.tc&Wn&WiM^F t LX'^4 Moreover, as an electrostatic-protection 

9 by yi/X# tetHM'^ element, by making bipolar transistor into 

/^nyxyft LXb7>i/ built-in bypass capacitor, it is possible to make 

* 9 y — MR£H£ 5 breakdown voltage low compared with 6CD or 

Xti % GCD^PN^t-K PN diode, and it can respond to deep 

(ctt^T^y— :?^£y®EE£: submicron and thin gate film transistor in 

{g<-t~SCl £ jJSwflB"^ x^f — combination using transistor gate film, special 

~f^Z? $ 9 o y "COSfO h effect that major capacity value can be obtained 

Kh5y^^lci}jS"C#^ 9 is also acquired by using thin gate film. 

[0 0 4 4] [0044] 

^fclcIM^i&S*^ LTP In combination using PN diode as an 

N^-f*— rtjK'M'** electrostatic-protection element, and as a 

ayfytirLTh?^^? built-in bypass capacitor transistor gate film 

hR£:4£ 5lfi#'a fc>*"C furthermore, since at least periphery of 

ti % byy^^9<DM&i:^b transistor is surrounded by stopper, while 

y/<—XV6tt0>X#—b&<Dft electrostatic protection of gate film becomes 
SSHRSM s «k 9 34tfjlCife5 more nearly forcefully, electric potential of well 

Id, £:*/v©ttf££r«fc *)$£feit can be stabilized more. 

Jt5^i:^-c*t5^*C\ Therefore, transistor characteristics can be 

y 5?**#tt«:£ft{WS w £ stabilized. 

[0045] [0045] 

& t> fCrtjfe/M 3 y r yf" When using capacity between wiring for built-in 

£Ellffl§fl;£IE5££Ktt* bypass capacitor furthermore, structure of 

W*'SL%i&M% I f'<oWi&&GCD electrostatic-protection element can comprise 

"Cfc/M ajf— 7 h7>"^ ^t* capacity also from GCD, bipolar transistor, or 

fcPN^-f K"C&» I/O PN diode by between wiring layers for ring 

±jU(D V y ^ttKjflEI&Jf Rile power sources of I/O cell. 
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i v )&ik%M$,V$ &<DX\ H Therefore, exceptional effect of much more 

My 4 ✓'©t^o-t o (D^itt^^ reinforcement of power-source line is also 

?m\tm$k^htiZ>o . acquired. 

[0 0 4 61 [0046] 

-tLT, (^l/M^nyry And effect that static-electricity resistance 

U" £ft il\-fZ> Z t lc ct "9 , tc^ quantity of semiconductor integration apparatus 

0^^ftHII$?g<Di£fli;^Rft from the first can be improved is also acquired 

$:[p]±£-fr5 Zti^^bt^ by adding built-in bypass capacitor. 

imm<Dffi%tmw] [brief description of the drawings] 



[0i] [Fiai] 

;fc^<D^ft|lft^fL© ; K& Conceptual diagram of semiconductor 

0 O integration apparatus of this invention. 

[0 2] [FIG 2] 

?£5fc£>#&lc £.Z>9\-W<4 Circuit diagram using external bypass capacitor 

3 yf^t^ffi o B8&0 O by conventional method. 

[0 3] [FIG 3] 

^Sfe^^SZ-f^^lH^^^ Circuit diagram showing insertion point of 

rtBE^-f n >"9"£>1¥ A conventional bypass capacitor for power-source 

f£ii£:75"$~[el&0c> noise rejection with a built-in tip. 

[04] [FIG 4] 

*^KtC i 2> PMO S h ^ 1st example circuit diagram by combination of 

ybP-;vW*— K (PG PMOS gate controlled diode (PGCD) 

CD) INIfM&li^f-i: PMO electrostatic-protection element by this 

sy— hlg/M^^^x^lJ- invention, and PMOS gate film bypass 

©a#£fctffc±5#lW0& capacitor. 

[0 5] [FIG 5] 
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#^#ltc <t -5 NMO S h ^ 2nd example circuit diagram by combination of 

yhD-/uK^>f^--K (NG NMOS gate controlled diode (NGCD) 

CD) IMiStftSS-T-iNMO electrostatic-protection element by this 

sy— M^^^^yf^f invention, and NMOS gate film bypass 

©»*£i>*fcJ:6»2M3fc capacitor. 

m 0 

[06] [FIG 6] 

ifWM<0% 3 ^JO[eI2SSIo Circuit diagram of 3rd example of this invention. 

[07] [FIG 7] 

>M8lJIJlc«fc 5 N P N'<-f 5 4th example circuit diagram by combination of 

hyyi/Af tfrfiSftSI^ NPN bipolar-transistor electrostatic-protection 

t PMO S V— M£/<-Yav* 3 element by this invention, and PMOS gate film 

V'f-^S^^-frtC J; 5 ^ bypass capacitor. 



[08] [nasi 

^^Wlci 5 P N^>< Kff- 5th example circuit diagram by combination of 

fE^tSIS^^iNMOSy— h PN diode electrostatic-protection element by 

^/</f/^3yfVt^p this invention, and NMOS gate film bypass 

fctfC «t 5^ 5 #J0&0o capacitor. 

[09] [FIG 9] 

±508<£>PN^>f;t* Layout plane-cross-section figure of PN diode 

— Y<DV<iT^ V ¥»rSllo of FIG 8 by this invention. 

[0101 [FIG 10] 

— JKfaftEjRBPfiRKJ: 9^* Sectional drawing at the time of forming 

LfcH-a (Z>#rffi0 o capacity by general wiring-layer ligamentum. 

[0111 [FIG 11] 

^WR^^MM^^^^ 6th example circuit diagram which combined 

3>"r>"^4:GCD{cj;5i^S electrostatic-protection element by bypass 

SftS3t*£ffi*£*Htfc&6- capacitor by wiring layer and GCD of this 

^J0SS0o invention. 
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[0121 [FIG 12] 

fcWft<D$W^kW% = f-t'<'< Static-electricity model figure when 

/<. 7. 3 y^y-f SrM^-o fr-frfc static-electricity energy starts from exterior 

^r'MfcMffil&iltfcft-UfrblifrW. semiconductor integration apparatus which 

%3^%)V%— /4>i>i»ofc^cO# combined electrostatic-protection element and 

WM^t^Mo bypass capacitor of this invention. 



10 0... Hmitf-y? 

10 1... rv^/MIl&T'n y 

10 2... 7-f v 

10 3... T^^yHalJiyo y 

10 4... 7to»yoy 

10 5... 7^/MEl»^Oy 

10 6... T-fD^lHl&yu y 

2 0 5... 

3 10... 



[DESCRIPTION OF SYMBOLS] 

100... semiconductor chip 

101 ... bypass capacitor for digital circuit block 

102... bypass capacitor for analog circuit block 

103... object for digital circuit block 

104... object for analog circuit block 

105... electrostatic-protection element for digital 

circuit block 

106... electrostatic-protection element for 
analog circuit block 
205... power-source noise 
310... static-electricity energy 



[Hll] 



[FIG1] 
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VDDpad 

Power -> 

VSSpad 

See a/so [DESCRIPTION OF SYMBOLS]. 



l®2] 



[FIG 2] 
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See FIG 1 and [DESCRIPTION OF SYMBOLS]. 



[03] [FIG3] 




See FIG 1 and [DESCRIPTION OF SYMBOLS]. 
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[El 4] 



[FIG 4] 




420VDDpad 

403 Bypass capacitor 401 VDD line 

400 Analog circuit 

404 Electrostatic-protection element 
421VSSpad 402 VSS line 



[051 [FIGL5] 




See FIG 4. 
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[06] 



[FIG 6] 




505VDDpad 606 VSS pad 600 VDD for I/O cells 

607 Electrostatioprotection element 608 Bypass capacitor 



601 VSS for I/O cells 
609 BectrostaUc-protection element 2 
603 VSS for interior 
602 VDD for interior 61 3 Bypass capacitor 2 

610 Output driver 

611 Output signal 

612 Output pad 



12/15/2003 



37/42 



(C) DERWENT 



JP11-154733-A THOMSON 

.... . ^ * 

DERWENT 



IH7] 



[FIG 71 




See FIG 4. 



[FIG 8] 




See FIG 4. 



[09] [FIG 9] 
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1000 VDDUne 

1001 VSSLine 
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1002 2nd wiring layer 

1003 1st wiring layer 

1004 Condenser 

1005 Silicon substrate 
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1100 VDDPad 

1101 VSSPad 

1102 VDD for interior 

1103 VSS for interior 

1104 VSS for I/O (the 3rd layer) 

1105 VDD for I/O (the 2nd layer) 

1106 VDD for I/O (the 3rd layer) 

1107 VSS for I/O (the 2nd layer) 
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1 200 Static-electricity voltage 

1201 Static-electricity capacity 

1 202 Built-in bypass capacitor 

1203 Circuit block 

1204 Semiconductor chip 

1205 VDDpad 

1206 VSSpad 

1 208 Electrostatic-protection element 
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